RHIC & AGS Users’ Meeting 2010

Spin Physics Workshop

Recent Results of

Transverse\pm
Physics in PH-“ENIX

K. Oleg Eyser

IQUNUERSTY OF CALIFORNIA

se Spin Physics in PHENIX



Transverse Asymmetries
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Three major questions

helicity transversity

o-® & 6

“* What are the origins of transverse-spin
phenomenain QCD?
* Transversity
= Connections to orbital angular momentum
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Nucleon Collisions

Transversity & initial QcD final

Collins fragmentation  state state
correlation between
proton spin & quark spin
+ spin dependant

fragmentation function

J. C. Collins, Nucl. Phys. B396, 161
(1993).
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RHIC

Absolute Polarimeter (H jet) RHIC pC Polarimeters

Siberian SnakeS \ /
S

Spin Rotators

Siberian Snakes

Partial Snake \ _ ,
\ Helical Partial

Snake

[ Polarized Source | ~ | Strona Snake

“* Two transversely polarized beams

“* Two single spin asymmetry measurements
in PHENIX at the same time
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Luminosity & Polarization

Year Energy Polarization Longitudinal Transverse
[GeV] [9%] L LP4 L LP?
[pb] [pb] [pb] [pb]
2002 | 200 15 - - 0.15| 3.4x103
2003 | 200 27 0.35{1.9x103 - -
2004 | 200 40 0.12| 9x103 - -
2005 | 200 49 (47) 34, 2x101 0.16| 3.5x102
2006 | 200 57 (51) 7.5|7.9x101 2.7| 7.0x101
2006 | 62 48 0.08|4.2x103 0.02| 4.6 x103
2008 | 200 46 - - 52| 1.1x100°
2009 | 500 35 14| 2.1x 101 - -
2009 | 200 55 16| 1.5x10° - -

I
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PHENIX
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Ay: mid-rapidity n°

=

-0.05

PHENIX Preliminary,\/s=200 GeV, [n|<0.38

0.25

0.2

0.15

0.1

0.05

-0.1

Vertical Scale Uncertainty: 4.8% s 1 (Run08)

less than 0.2%

® 7" (PRL 95, 202001)

=

Transverse Spin Physics in PHENIX



Ay: mid-rapidity n° and n

PHENIX Preliminary,\'s=200 GeV, J|<0.38

z 0.25 : -
— Vertical Scale Uncertainty: 4.8% o0
— T
0.2—
S s o
05—  *ME & & oo } ________ } _______
01— ot
0.05 —
o—
-0.05 —
01—
0

Transverse Spin Physics in PHENIX 9



Ay: mid-rapidity n°

PHENIX Preliminary,\/'s=200 GeV, [n|<0.38
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A\: mid-rapidity n
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Limit on Gluon Sivers Function

02 |

01 |

01 |

02 |

= gluon Sivers at positivity bound
no sea quark Sivers

gluon Sivers parameterized to
be 1 sigma from PHENIX 1% A,

e sea quark maximized plus

Phys. Rev. D 74, 094011 |

: S ,..< ......................... _: valence quarks
TT—1 1| ¢ gluon contribution

“ LO model-dependent
constraints on gluon
Sivers function from

T2 s 4 s e PHENIX data at SMALL x
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Forward A, Charged Hadrons
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Forward Ay @ 62.4 GeV

** Neutral pions

Processs contribution to pi0, eta=3.3, sqrt(s)=200 GeV
Guzey et al, PLB 603,173 (2004)

’ [
< quark-gluon dominated - — F = ,
=33 J—
_ p'+p — n°+X at 5 = 62.4 GeV o5 |- ag -
= . . . -
- IPﬂI;! WEEE}EE!LL"JQ;E A_scale {p,)=0.28 0.34 0.44 0.54 GeVic
0.15 10% energy calibration uncertainty on X scale 04 |
: ¥ 1>3.5 . o
L 4 <35 xl"‘%f-m_
N rJ_E | “-.h_\_\-\_w_‘—-..._\_‘_\_ . —
- { qq+gq + ...
— 0 I ] L 1 ] 1
0.051 % i ; a0 JDEE Gevi™ 60
I]: l i i . {p,) = 0.64 0.77 0.97 1.16 GeVic
’ [ ]
R *+ global analysis
_.n ns B | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | n eed ed !
= 0.6 0.2 0.2 0.4 0.6
Xg

Transverse Spin Physics in PHENIX

14



Forward A for Clusters

in the Muon Piston Calorimeter \/s =200 GeV
clusters from pion decay photons

merge at high energies
(> 20 GeV)

tower size

2.252¢cm?

220 cm
from vertex
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Forward A for Clusters
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Heavy Flavor

p'p— DX

dominated by glu

gluon fusion

No gluon transve| | |

Sensitive to gluoi

Sivers effect
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 Twist-3 gluon correlators

% Disentangle effects in x,
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Heavy Flavor

single leptons

no full D-meson reconstruction

P; (GeV/c)

P, (L) (GeVic)

z0.15 | Ltzﬁ-ﬂ _
< p+p — e+X at\/s = 200 GeV ( 2006 ) B
heavy flavor decay electrons ( [n| < 0.35)
01 r .
B * oF oF
0.05 :— 0.005 [- 0005
E 0.01 = - =-0.01 E—
0 —# + """ + """"" + """"""""""""""""""""""" < =3 - o
r =0.015 - 0015 -
- o - -
ais T -0.02 | E;"‘E‘““ 0.02|F {’,,f’f Dfﬂ"““"
=U.Uo C o ¥=
W -0.025 [ 0.025
: Pa“:)"fE__le I IIIIIIIIIIIIIII IIIIIII -IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
01— Pre]%l;inary 05 1 16 2 25 3 35 4 45 0.5 15 2 25 35 4 45
- P P
- Vertical scale uncertainty 5%
_0-15Illll\\\\‘\Illllllll\\\\‘IIII‘\\\\‘IIII|I| :(sclahulncerllaintyls%,NlotS}l]o“rn | |
NN NI NN NN e e
0 05 1 15 2 25 3 35 4 .0'30 05 1 15 2 25 3 35 4 45 5

Transverse Spin Physics in PHENIX

18




Back-to-back jets

The Sivers effect can manifest itself
as an azimuthal asymmetry in back-
to-back jets in polarized p+p
collisions.

N
0

|:|.1_— Dijet SSA: 5GeV<F <10GeV, -1<n <2
- - r 1,2

— - (2P,sin3M,weighted)
ST -(pXkT) 0.05F

.05

DI é | Tlll+n2l ‘:II
Boer, Vogelsang Bomhof, Mulder, Vogelsang and Yuan
Phys. Rev. D 69, 094025 PRD 75, 074019
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Di-hadrons in PHENIX

Zz"F RN S' t
< 0-04:_ lAn| < 0.6, [n_+,| = 0, \E=200GeV i ivers asymme ry
- | Trigger n®: 3.0 < p, < 15.0 GeV/c J_
0.03 } Associated hadrons: (qT )
— n°:2.0<p_<15GeVic N
0.02E] h:14<p <47 GeVic % No asymmetry
E 13% scale uncertainty (acceptance) not included + ”
oo | ‘ expected for g
° }. “* Improved
-Dmé_ Asymmetrybqu projection: StatiStiCS for 2008
0.02—
oost. PHENIX Preliminary | —=— g L tosnsss data set!
-0.04 é_ —V_ —e— q. || to spin axis
wsc PH-FENIX
4 +z o
Similar analysis possible in different Nein | -3.7 |24 |-0.35 1.2 |31
combinations of rapidity Nmax | -3.1 |-1.2 |+0.35 | 2.4 |3.9
I )
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Interference fragmentation

Matthias Grol3e Perdekamp |,

Interference fragmentation
functions in pp and e*e- data

2 0 T ff ____________________________ T — *; ___________________________________________________________ + _______________
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Outlook

** Non zero asymmetries in
forward direction

= asymmetry for n-meson soon

*» Sivers constraint possible
with mid-rapidity data

s* Di-hadron correlations for
rapidity separated pairs

% Heavy flavor tagging with | = B

vertex detector upgrades
* charm/bottom separation
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Backup

Transverse Spin Physics in PHENIX
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Forward A, Charged Hadrons
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Forward A\ for clusters
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Heavy Flavor
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Heavy Flavor

AR

» JIPsi single spin asymmetry
> production mechanism

di-muon di-electron di-muon
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